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Wmpmmttm &f Films toj ®rapoM.tion IS 
Sia6ow*0&»tliig Petemte&tton of 18 
Iiit#i?feFoaetrle DtteminatioB of fhiekn^ss 
Ba&ioaetift Trmm of 37 
IXPllIMSIfAL WBLfS' m 
I) ISCISS101 ^ . §4 
swmif Ai© eoiSMiciis ei 
I,IfSH4Wll aiflS 64 
ACKi©mSD0lSl S 66 
r?y/y 
1 
IlflOBOGflOI 
first iapcirtftat publisation m tlila , 
metal films if WmrmAmj' In ISSf a mw fi«ia ©f lrar»»-
tig&tien*^ ilae« tlx#.® m Im^g# ii»afe#ip uf txpepiiaftnta h&ve 
hmn eoagm€t#«l t@ tike pfcyileitl p.i»©p«Fti®s ot atieh 
filitts,, flae ©l#©tri#»l fi»09®3?tl«s liavt 
fflost fretwutlf eoat urniM iiiir@stlgatl0a» 
Films 10 t© 10,000 angstpoms mMM 1«b€ tfe,eas«l¥«3 w«ll 
t© a©s.t #xpiiria#atiil fb.«s® tliickn®»®#8, ftl-
gr#at©i» ttian fttoaie ar# still sayall 
so tiiat ,p#©pi»rtl®8 of tb# filas &» tiff#!•#»%• tmm 
tlio»# ©f th© bmllfe a«tal« It lias fe#©a hoped t^at 
sctt# intwestliig 0©a®ltt®io»s m t© th.® @f atoms 
and ai*^ttg®»#nt» la «ollds #®«M to® €xf&wm fwm thin 
f ila i^m^&mhrn 
Of %h@ flaysie&l, eonsttots d#t««ia«a,^. a®®t lia# 
floa# in tb® fi«lt ©f ©ptles. &« ©pfciostl eonst&mti jit©st , 
eoMonlj 40t«».ii3«d. ar# tfe© ^f#fl«et®ine«,. t»»a»itt»ses, ln* 
©f r#frfteti©B a»d i,b«orptl©a eo#ffiei®Bt## S®fwal 
aethMs ms®d to, etetnia ' e0»st&»ti m®©®saitat« aja 
»©ciir«t» dst®»iiiatio» of fii® ©ptieai thi©.to@sa@» of tb® 
^P. km Apob, Aim* Pfeys. Paris 1, 361 (1946). 
2 
s^witransfawat ® of tli« vsFi&tioii- ©f «l®e-
trleal eoii<Sw.tlifitf ^wlt^ f ila ttiieko®#®** la most msm thm 
mrm 4maitf w&« «.b4 th# flla tliletotss®# ealem-
l&t«d fi*#a tb# to«tt #i6s»ltf of the ms#d tlii# 
a«tlioi in b,l» work apS- i,®a§®»ib«« ia' mndh tia® 
In smell A %t is nmm«&Pj to wti^ s»tlX quaii-
titles Qi a®p0»it®d a®tal veri" m&m&te'ljm It Is alao 
6SstJBi©a Qiat tke dtnaiti- ©f fcke mst&l^ #a®B pi»®s©Bt im ® 
v®ry thin fila, Is tto.« swa# as tliat oi thm bialk Tb.® 
^allilty of %h%» is taestlo>n»bl»« l©»a^ foiind 
tliat tli« ot M02 f tlilete is M©i?e tbaa 
10 p«re#iit l#aa tfeao tfeat ©f tli@ IgFg. lieetren 
ail«r©pk®t©g»pia® ibj PtemM. aM D«ff#iibae^® show all tbe 
f il«s to #ijii»ist ©f of tli© a«t&l s®p&mted 
fef intWKtic#® TapiGus widths* From tbii it is 
%• Soos, f» Fhyaik# TO, m '• 
%• S-. §Mh«a, fh* Urn tbtsls, B®pafti8©»t of fhysies, 
I, s. c. iimm* 
%» W®al#, Ffq©» Fliys. Soe« 0g^ S?6 
L* loM, J. Oft, So©. Am. 39, 854 11949). 
%• S# Plewa ana ©• S# Dufftnfenek, 3t App» Pbyi# 14, 
2tl Cli4S). 
3 
^o-ufetful tfeiekntsa hj w®l#ilng i» tli.® 
eptlcal ^lekntss PtqwiPti in tlid fi#t«mliia.tio» ©f tli# ©pti-
tal mmtmt9» 
©life®®'® 4®t«iwla«a tb® Qptieml thletetss liitei»f«pettet-
Fiemlly «©liig m anltipla-l).#!® liit«i?f®r#ne# teefcrnitia® »mg-
g#st#d felassky**^ ttis a«tliod doei not reQulre th& a®a» 
«ity %& fet ICBOwn, but tRStimd, tli© aiffererie# lii' 
tli® ©ptieal. tistweea tw© It^t plmmm DM 
&ni W, 1, frca » milmtlug pisM B0« fiiis 
aiff«f«a€« 1» t e app6i?«at ©ptlesil tiiiete#®# 0f flim S. A 
Mttsfb® trmMpmmnt t© tb® iiieM®n,t, aiaii@eliresia.fci© light 
lAi-leh &ri»lv#« ii©'i»«l to Be* Be Is * partiallf r@-
fl«etlag "fefmnsiaits ftfeomt 5 percent of tM® in-
&Mmt Th& mmtrnm 15» hm aiaxiaiaa r«fl#©tl¥ity so 
that r#fl«eti©ii i»t#rf#»ne« twMgm of th@ Wtm&u tfp® ar© 
l^tw#«a the aurf^©## BG' t-o.^ fh@ plat® I! 
eau b# tfanfparent# ®a« aia^faees of A an# 
1 aoiafc IJ® ©ptlcallf flaae to wltfeiii 1/800 of tti« vmm lengtb 
of th« iii®ifl«nt li^t OT«? m SMi^l Imml mm& inelufiing tlie 
fiife0»tiTOitf at !• 
"^S.. folmaskj, S#i» Inst. 161 (194§). 
%. fol&nskf, Phil. l»g, ISO C19M). 
%, folastlci'., .Pfoo» loy» Soe« 184, il 
f©l®nskj, Pr@«« a©y* S'Oe. 1^^ 261 (1946)# 
4 
B D 
INCIDENT LIGHT 
A H 
Pig. 1 Arrangement of interference Surfaces, 
A 
h 
h E 
Pig. 2 Diagram of Interference pattern. 
i 
If fe© of Be to surf&e# is &.i-
Jii8t#d ao th&t fe# iiit®yf«!Pen0® fMiig®# e«»oas tb.# iftlssoBti-
rimttf 1 at togl## to til© line of tti® st«|>, m s#t 
®f .pamllil fyiagst with. shift eolasMtnt witti the lla# of 
tti# st#p i« ofetalseS^* Sttch a s«t of fwirngm i« shown dia-
griMatieally Im ilgum 2, .13i© thiekuefs S ©f filat, 3 ean 
ei.l«ttlat## twm th& t&XXming 
§ = fyjag# feift X X W&we ef ineliarit ligfett CD 1ilJBWll|f)1lllWiWI|ll,«nil<Uiri||IIWllWMM»IIWlll«|il||IWMil|»l|(l«i'M|ilii|tllWlWillil*lillW.iP«W  ^ il>W|l>illl<|illl*!rjl|in»l<i1liliniiiii>iiiilliiniiWteiil|i.iM>M»iil|i,]|M.»|iilii^ n'liiJlliMi.WiMril»WiWM«Wi»WWuaB i^lW|M«N''iUl>iMWiW<jll'«'fiNllilill»«litl ff tagft, a 2 
tmtQ^ of i/g <ieeiira beettmst tli# patfe. iifferene® 
i® twie« tfe® h»lgtit ©f til# st®f» 
f&v pftrttel® His# a#t®»i3aation« d«,se3Pife®a by 
fllilaai m'i p.:-pofM® still of 
aiuittg th# ©f ©vaf©i»at#a films, Bf A®dow-e«stliig 
a ^mvf metal s^eb. m§ geld omt a flla ®%®, it is posslfels 
to Aettfsla® tli« of th® ©ige hj ».#&STaj?ing th© lerigtai. 
of fe® iliaflow. Sine® tlis angl® of InQMmm M iueb a» 
t© sliftiows ftv« to ten tMm tli© flla ttiick-
of 100 A» '!» 0^ l«®s eaii to® to witlilii 10 
Jk» U« Olihaii^ ®wgg,e6t©d tbis a pssslMe iJmt did 
sot 4ev®lop m© t®©feal%«® • to tit® point of Tas®fmlB®ss ia bi» 
e# Wllliw® ajfti R» e» iBitel£b.MS, App« Phjs» 20, 
98 Clt4i)« ^ 
6 
wc»:rl£., fbis a«tli®a feat feets fnjptM.93? 4«v«iop©i hf tli® authoi? 
i«i€ 1« te«ei'lb«t Imter# 
Still anatktjp of film ttilekatss dttemination 
«S:e4 hf Fs»i#fiaaa^^^ »#»»wes th® tanamt of mbsofptioa 0f MM 
x-»js iii«ii patsed tlirom^ tk® f il* twin#* TMs is ton# fey 
refi«@ttag tto.® at m Bragg sngl# tmm th% ©.ffstal 
l&ttl#® th.® mtsflftl tei ©#iip«rliig tli.«. lat#a®lty ©jt 
tli® 'btmii ffoa tb® s®etlo» witli tliat tmm 
th© une©«t«ft «»eti.©a» ffet liat«B»lti»« mmj with 
ft Geigei? ttttee# It is to kii0w tti.« «tosoi^tl®a, 
©o®ffiei«at (Of tfe# fila f©? tli« Itsmgtb ©f m-mja u»«€* 
fhis eo@ffleisnt Is know fO'j* bmlk but mot for the 
«irapoi»at®d fllat ©f tfes a#ttila, Thmmi&TB, th.® 
um mt afei©lmt® Blme tia® •a%ii©i»pti©» e©®fflei«»t ©f tke 
b«lfe mttal IB rnssi# fb.e IMit &t »ee«pmef ©f tli is mtltooa is 
well ov«p 100 A,* ©©»»9ttt®.atlf,- it is mot applieabl® to. 
til# ffi®fasst2r«ia®at of films l®as tbaa 1000 A# t&itk# 
Of th# foiii* a«l^@d« ©f asasttfing tiiiekii«ss## d«S'©i*ib.«d 
in- til# pi»»e#(a,iiig p&Fftgmplis, tti# w«i^iag atl^ot h»® I).®©!! 
hiatorie&llj tli® a€>#t populai* ttiitil tk® 3?tis#Bt inti»©dTietioii 
of tb« iBt«3E»f«-f'0m#t^yie »#tli®6« A» lift® &li»@ai.f fe®#ii p©tiit«d 
©•at, wtti^ittg fmils to a«a®up0. tto.# a,bs©lMt« tbiekntss aiae® 
•I® 
wwtmrnma, t«v, Sei. Iimt. 17, m iwmU 
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t© haT® ©Eftetly tli« aaa# ©ptieftl proper-' 
tiei* 
Ifeaasawi ani l>©m.alfis©n,^^ mmmweA tk© of sil-
WQW fj*«i lig A# ir» to A# U. flisy «#®d A 
ealOFtmetyi© of th® aa®s €0p©sit#a mpoa a 
giv®ij Af«m aai rb inteFferoaetrle i;®t®mlinitlo.n of tfe# 
tliiafc»#ss# Th9j wltbl® mmpewimmt&l «rroi?,. tb.® 
atasltj t# 'b® .©©iBStmat anfl the $,mm a.® that ©f ballc sHirer* 
Tfeii muMtitutm a Slrmt ®c«pai»tsdn An& ©oaplet® sgi»«®a#ii,t 
fe®tw®®a tli« wtl^lng ted l«t®rf«3p@a«t,i»l6 fli©»® re* 
amlts au»t b# f«eeii8l#®i'«i after the findings ©f 
le ai®6smr#6 tb® tiilekiiess of tli« saa® film @^,g# by a®po«lt-
ing ©¥«F ©B« li&lf of tlie a-ftap'X# an opaqiae rifleetlug layer 
DW, figmp® I, ©f eh-f^iitai and o¥#jp th# ottier half ft cent* 
ing ©f sil¥er» fH# atiffort H, figur® 1, was glas# sllv«r-
©oat®d to mbowt 100© tow on# sat data, teat tiot 
©•©at»i fQr tii« ©tli#F t«t# H« fottui tfe&t fep « substi?&t« ^of 
-Sis a«tal »t«p aeasttft# tl to g6 pereent Ims for & 
©^atlBg BW tliao fsf a ebrmim ©oatlmg* In the ease 
of a gXa»B ittbstr&t® the dlff#r#Bse was 54 to 58 ptrtent# 
111© siliref eoatieg agaia iaile&tM a saaller ottp, P«i?>©@ntag« 
Ihitatwi and 1# K» BonalA^on, I&tw« 159, 228 11947). 
§• kwmj, latmr© lSg.« 916 (1949 )• 
9 
wiae,' tii« r^asiliiei mmrly a^mtmt for m gives 
sm^stmt©,-'being g?#at®i> f©i* gXasa tiito tor stl¥#^» Biese 
TOSttlts tofileat# « pa eking ©f tlie Qp%%m .j»#^ 
'a 
fl#etin.g laye^ US' fisfosit®# en tiie inefcal flla. ssaple 6 
sM smtostmt®# llii® i,s gi*«6t@p for sil¥«i», on silver 
tlian to^ Qliwmim ©n allvQT* It amst' als© t#oa tfe.® 
tlilelcntaa of th# flis on, wli.i#j, th@ a#ta3. is ^#fo8lt®a tiaoe 
tiie differenee is pretemt mvmi •<ibm »u%stmt# aad tfe® 
fllffi to@i»g are of •tbe Sf®» aetal. Bals "pscklrag 
In* ©ffeet- leads t© a tliiaa#r afp8i»®r.t tlilolcn.s.ss and em 
®,cefQim,t fei* tii© ematmit hulk a.©Mitf of tim sili-er filas 
Si.® pFeeeilng ^xmples mm ultm€ to fnailiarli© tli© 
mM^v with til® pTQblm$ im^lve€ in aesawiag tli© feiek^ 
nssses of wewj tliia aet&l film.® as well m tii® pitfalls Into 
^licb. oa® mn stiMbl# if tfae proper 'pwemutXm» mm sot 
taken# %.®y also estsmisto th« B#«i. tor inirsdtlga-
tion leading io aew t#eb»ittt®a aXoBg wife Mi© lKpTO^«eirit 
of moe# existing* f&is is t o purpom of tli# pi?eseat la-
^estig&tloG. 
*Bm ge»ei»ftl pl«n ©f iBve#tlgafeion ©aa b» «iiiri«l#d into 
ttiTm {1| te applf the skadow-essting teelioiqu'e of 
©leetTOa alerescc^pf to the ©f tkla film tlaiofe-
nmsi tbis to fee a@"|fel©p-®a to m mmm&bl& dBgrm of aeem-
racy., depeedabllitj e»^fi {g| to .iifeetly dCMpa.» 
10 
fels aittkod wlttr tilt aefeoi hf m#«®wrtng th® 
saas fila-steaples fe-f bo^ aefiaofis, m& CS| %o Mmetlj &m* 
pmm tli« w«ighl»g aeSioi, with th® Int&Tfmm&twle a&tiioa 
meftsurlag 'lii# smme sani^l® laotti ways*. The wel^^iag ©f 
Ymrj tlain mmplm is tO'fe# •©ISain&tM hj ttie l»ti»€>dmeti©n of 
a miioaetlf® %i*m& methoi. a®se.i*ib#a in fe# c®xt sectioa* 
11 
• .roitiisimi. *B?so»s 
fte.« gemm&l for this ©an fe® 
aivMed tate fewi" opemtimst IX} prsp&Mtlou of fll®a, 
•{2} iet#wliitttlea of fila lti,i©fcB©s® hj tli® itodow-oasting 
a©tliod|f 15} detemim&ti'On of film fctilekneis if tbe intep-
mnA |4) ©f film ttiistoeas 
t^y tilt radlo&etlv© tm©» method# ft.« t@elinltties toy 
©fteh of tlies# ©p#»tios« was &rm 
»M& & ®o«pl«t® i«»erlftloii of m&h it gi^m» 
All fllM tmpi#® w®?® goli a»p®slt®A hf timr» 
m&l mB.'pomtim imAtr r«diie«d mm&m f©f 
elhooslng goie ay# &s fdlleira* Mttsk of tli«. «.3tp«rlm®iital 
fe,lstoi»f lueludt'S itmmmh wmk m gedt f lias# 4 larg® 
aaomt ©f data m tia.® piijslml •pT'Qipmtlm i® ten©wa and .pmb-
It was tho'iigfet tli&t §©»# &f 'tk#®® aeeiatilat#^ 
•iata ®l#it lj«sr vkpm tli® iotisrpfetation of rtsttlts* 0©lfi 
•feas to#@n ua®e ext«n»iv»ly as & iliawlow-isastiiig 
Wi^miQm, of tb® typ® fl«ie3Plte«a mmj h% of 
ir»lw# ia eoatffoll»t iBf«stlgatioiis ia the fitld of ©leotrQa 
iilcj?o»oopf. Sl»©® th.# tvaporatifig goM ap# 
12 
well itsejpibed mni It is mmilj by la«atl»g unfier 
i»«dae«i pmmumf tt i» m mavwrnlmt a©t«l to 
Sold, rsthei? luitetiir® i&m mt t&rm th® 
Mifi# whm th.® fila is to air «» iias te««ii infiicattS 
bf m@ 9lmtrm diftmotlon pletwei fey fli« fila 
strnetuj?® .rtMiaa ©-onstant witli ag# wliieii is an toportSBt 
f»eto.f if tli« filM» MMMt M ®M.p&md to tb# &tmmph@m tQr 
some tla® h6t&m teing a®a8ti,r»€« S©a« of tli.e film®. w@r® ©^t 
©f tli« ©vap©»tioa eliiiab®r «.s Img m m hous? to»fop« 
timf wem mmmmd* 
ID aMitioa to tii% mm-om llst«A atoov®, g©M was 
ffti'Osen beeaus® of It# adaptalbllitj to tli# mdioaati^e ti^ao©!? 
used in tbii #xp©3*-la®iit,# cm 1&@ pm&um& in & 
pil® hf hmhM^Mlng, mttiriil golt, with fast neutpoBS.^^ 
TJaii asan® that a tm&ntifej of imttti**! golS. i® boabaMti ua-
tll suff lei»iit ato«,B li&v® beeom© yadioactiv® to ©roduee a 
ssaaplt that t.mn to# «asily tim©«a thpou^owt an ®xpefia«iit» 
fli« eliemleal aii4 ,p3iysl««l' pi»©f©f»ti«# itileh ar# sigaifieant In 
e&MwaXl, S» mp* Pliys. M.» C1941)* 
1Q 
L, 0# 01.a®n, Cm S# Smith ana !• C. Critttoitn, J"!**, 
J, A.PP# Pkf.#, li, 4gi (194i|. 
20' 
•£, H» Phy©# iev. 58 |1939|. 
21 
!• lellllan, m& If# laa«», P&f®# M&r* S7S (1957). 
13 
tbis expwiMMnt B.m tiis same for tlae and the pfoimet 
Qf ©lis is iKpo'rttot; foi» It pdwita tfet 
©Btirt ssapl# j?«e0l¥@€ from tbd pile to '"b® ii8©a wltbout ehea-
ieml ®0p®.ratioB« Of ail attals i©oji8id©r##., no a®tal 
»®aa®i. to lea^ lt8#lf as w#ll to tliis ©xp^riaQiit as dlfl th.^ 
g#ia. 
F»pamtioii of Filai hj Sfapomttos 
Slue# tli®raaX ©vaforation ViM&mr »aT30#d pressure Is b®-
eoalng, ao« «.»i; mom, tli® mmt popular m#thoA ©f aepoaiting 
tbln, filas ani aii»© aaoy of tbe mom memt investigator® 
hmm m&6. this aietiiQd, it tfe.® a0it lllcelj aetfcot of 
5®p©8ltl0a» lvapomt#a f ila® eontaia leas oeeltia®^ aad. at?- ^ 
sowb9S. gste# tiism t!io«« €®po»it'®«l bf »futt#rlng. 
this ii au® to tfe© outgasiiig of fbe semre# l&y to & 
teapsrattii*© Just ls©low fee stibliaatlem m vmpofliatlen t®m-
f®i»atw® pi»««®diBg 0Vi.,poM.tiOB,^ By ataa^rlsg fllas eon-. 
taiulng l®as »l5«oFl3@)a gas, th® «smlts repF#'S#iit moi?# 
a a®a8tsr« of tb# trm# tliletoei®. 
All' filaa wem 6mpmlt9&. oa aleposeop® slM®s having 
aiiaeasion® ®f S bj I liieb# fli.#i« slldts w«f® suf-
fielently sno-oth over » w^tj s»all a«« to S'a.tl®ff tb.® 
itt®e«sa&rf i»t«rf«p<M.®ti»le eofiSltton## In adaition to this, 
te#iag tli«j aii not latrofiMe® **fi?iiig'® stjpu'©-
ttti»®" in. th® Jfjp-inges as iid tii# p<ollsii®4. 
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©fileal flat®# ®sis li la agfe#ii©iit. wltfe fefe® findings ©f 
Seott®^ is hla work m film tfa.ielai$as a#asiif«©iits» 
fee fllai mem defoaltei la a 1# G% A* ?®o%«a'UMt, 
tff>© ®i# emeaatioa efeaafeti* coa»i»t®a of & b®ll 
Jar IS iiieli#® I© iitatttf .asd gi to©li#s i« It wm 
to tb# plat# hj at&iis of a, self-sealing init»to@p 
g&«lcat 111 tell #©al«d •uad#r atseupberle. pf^gsmr© m 
tb9 oatfifl®# Six pmlm of #l0etPQi«s w«r« Milt Ints thm 
"b&t# plat## l&eh of thme wm» mpmhlo of ms^Fjing W 
pemB to beat tl.® ivom tii# ©.omting swfestan©® 
wa# ©f®.poi»st«€f, wmm t*© «l«©ti*od»s teilt into the 
plst® &Bi e©iiii«iet«€ to a lii^ v©ltag© tmmfoimev^ 
ib.l#i wa« eapa%l« of aupflyiiig I'oltRg© up to 700Q irolt## 
fbis v©ltag» was to ImiZM msMm&l gass# imping the 
piiiip-#©«a. p«pl®^ «irap0:mtl0»» Ibt lapaet ©f tli« 
lout wltb tli,« muwimm t& he e©»t«A el««es tte.« surf me# aM 
aal£#s for fe©tt«F a.#i«F#«e# ©f ©©stingsAla© In tto® bas® 
^Ifet# tas a eolfi. ©istbo^,® ils^arg# gaiigt ibie^ was «#«& 'to 
a.«a8ui»® tli« e1riaab'®ip pi*®ssur«.« Iti# was 
ii#«.iiiQF«t tej a tbewoeompl® g»mg#« 
Si# f&etim 8f*«ttii eoB»i®t#d o.f a a#@liaoieal iorm pm&p 
D. Scott, App, Phf®.. 21, Tg (1950). 
6S J"-, strong, FgoeegtAimg 1» Bro«p|a»nt&l PhyEieg 
{Pi*®iitleo«lall, inSTTTWWiEJ ItfSSI'r 
asA & Mtfmlm fk© p%mp m-m a e®ii.eo lfp®r?ae 20» 
fli.® difftttloa pmf wm & vti»tl©»l, ir&t©it-co©l#a, oil fmp 
filled *itfc sllle©«# fluid, 1X3^*70S. ffctlfi wns eapabl® 
©f aai»tal»iiig a iciii.#tie a py#ssiai»# ©f 10*"^OTi ©f 
memwE'j or 'fetttei?# 
,411 glass aier0«®0'p« »imm us®i at hmm for tli® films 
wmm ftmt tlid»m^lf watfesi in •& rin»«i. witfa kot 
distill©^ wat®!*' mRi ftllowei to fipj fe«for« feeing plaeM Im 
iai« eleaaing, tbe slid#® w©i»« 
©uMsiuently iianaitd with i#ii8 pap®F t® pmvmnt ©©ataaina-
tl©ii of tbe surfaces t© to# eoat#a. IDuriag tb.® «&em.ti©» 
0f til® cliaittber tk# gl&«« #liae# wsi*® t© l@ole 
b6rafeai»ait#nt in t© f«3?l^er tiit s«i?f&©#8, 
®a<i gol'i nni frea anftll almiam era©ifel#S' 
•pi»#p«r«d toy fttsing Alminwa &xMm m & snail &mimX toa»3»t 
fow®d frm. S0-all» *i3?®» Biis pr©v#d aafcia-
faetofff sino® am# of %h& geM tfapwated »»s i» Iwsip foMa» 
A "fmriatiajn in sai^lt tli©to»»s#s mt ©tutaiiMii toy plming 
til# slli.«» St <SlfftF®iit <il@t8iie«» ivm the soum®^ m® aim-
ia\i® mm a'bomt W ea» ^i# alBtom distaue® w^s 
»aint»iii«d t© insttr« «iaifo3ra tlii.©tai«»i., wltliia ^xper%mmnt».% 
m®r m l»rg« «B©%igli »»& f©i* sulbsetttsnt ^tmpAr%»0n 
aeasmrMsnts* Si&e© tte® d.#p®8iti©ii of tli# aetal in tli® 
^hmmhm follows very n«&i?ly tia® i.m9m® tquap© law, th® vaFia-
tian of ttiielaea® froa the ©mtef to tli® edg® of iua «»#» 2 ea 
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iii it oulj 10 &• tf« f0F « film 101)0 A* U» tlilek* 
Hiii w»t 8ife©ttt thm mt&wmej efetmin®# la tti« ift#a«ttrea0,nts» 
larmpofatloii wst la t© t© 40 ®«©'0ii4», 4#p#nt* 
lug ©a tim fila thl^kmm fef sufpifiog a 
©f about If t©' 10- amf«r®a» fbls tli© einie.ib3,© 
ana tmtil fchey wef# almost 'rtiite feofc.# 4 t©mperatmr« 
of about aO0O% t# mm^'Q *» proMMj impld t«-
pealtlaia aeeoMtog to ii.Bi Seett^'^ p3*o4iie#@ aort 
mmtinwms fllas fw a glttn fcbieka®a»# 
Tb.« a®tfe©i of ©btmining ©Mpa»fele samples for both 
®l®#tF0a aler©se®p« and interfeTOatt#!? ©I)®s.i«vsti0iis wai a» 
follows I, %©» a aierose.op© slM© 40, figw© 5, wm plaetd 
6 »ier©#e®F« @lid« B rtiiefe WM- #»t .bftlJt th® langth of 
tla# sllto AC# Witfe. sn$li &n a.wwm.gmmt tbr«« xiieful s«apl#s, 
ahmm i» figw# 4, *»# 4 and. C, 
figui^ 4,. irsre olstaiG®# bf, emtting tb® glass «lia® kQ along 
©!• fh® ©©ir®'i» slM® 1, wbitb. was «s«i. «s b. ski#ii for pRpt 
©f tli® bat® te a step in iitsapl® 0, was an ftSfiltioml 
8®spl« If Sm^l# It. mm asaimret fey th& ahsMm" 
mstlng aofi aaapl# e mi a«a®mi»«d with tlie 
#t«F, Sine# ,ii0is»miiifoi?aiti#a l«pg» to b# »«®.»u2*al>l© 
*oali mlBt if iB^asmrta^Bta ir®r© tmkm at tli® ©xtJ?®®-
itl®s ®f tti« ®lM#s^ all ditta w®i»« ©n sdj&e®»t .0%®# »® 
that th® aft*tawtt fa]pl®.tl©ij Is was b«l®w tto® aeempaey 
of a«ftt«i»liig. 
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Pig. 5 Sampling arrangement of slides for shadow-
casting and interferometric comparison. 
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Pig. 4 'i'ypes of samples obtained by the arrangement 
of slides shoim in Pig. 3. 
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Pig. 5 Sampling arrangement of slides for radioactive 
and interferometric comparison. 
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Pig. 6 Types of samplea obtained by the arrangement 
of slides shown in Pig. 5. 
GO 
Aft#r  th.0 f l la  wmm semtekei, it wm sh&aow-ea»t in th© 
taa® Taeuiffl' mait to it was orlginallf preparaS* 
swpi® mm so thmt tii# p&^%lQn ©f tli© sor&toli to 1># 
for •is@aati3*'.tit®iits womlfi its shMow cast noiaal to 
tti® gipeetios ©f tla# .at®p, aliadewiag was don® at dl®* 
tfcBet# of 2§ t0 SO ©a «id arrange# »© tliafc tfe# «tedoiis w®r# •' 
five t« #ix tia#s. lomgsy than tli« flla thlckneaa^ A mthm 
lmrg9 a©«i*e«»t0*s«>pl# distane# was aaiatalaad to 
tlie &emm0j of mmBUTlmg tli# angl# of e&stlBg, »i« gsM 
was' fr« ft ¥©i»f sa&ll.# cQuieml M®k«t pr«paj?«a of 
10-iail tmjig»t#a wiy## fb® a.ip®& fro* tlie goia, was 
mmpomtrn wm0 kept sm^ll to Inereas® thm ii#fiiiitl©n of the 
tlimiew- b0mftia.i»f # 
®i® sbadow-eaat-lug was Aon® «t a pf^esTOf® ©f &bmut 
2 X. @f m^reiatFy, It was f ©mi ttiat & go©i ^aeuua dt«?» 
Ing «ir&foy«ti<iji harper aha^ow fills 
1® pi?0Mbl,j im t© Ml® ia©?«ft»e of tlie m&mm frm pa^tb of tto.® 
®¥apoi»atiiig ii#tml| tbdrefore^ i*®imelng tli® prefeftbllltj <sf 
seatttrlag hj gat m©l#©\il®»# 1%# evaporation wm aon® v@vf 
mpMlj, in a ffl&tt@j^ ©f & £m mnon&m. In oM«i' to^ profiiae# s 
aop® eontifmetts film. As a r«atilt, tli« boiajadftry deflattlon 
was increases %h.» aggXom«r8tlon of tli© shaaow-east 
gold« 'fb.# atiftdow e©ating wm ebomt 20 to 50 A*. tliick* 
Aft®i» al3.&do*-©a»ttog, it was nmms^ mTj tn r©ao¥© tla« 
.lastal tilm and tai# 6mt thm glas® alifi# to a 
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q&uIA &mlm. ©ff• '£kkm tbletai®ss of ths di»l®a eollodloB film 
wm smell a®' t© prcAum & biuisb. eoloi?' wiHa ip«flaefc<si wliit# 
, fhim fe.i©toe»» wm a lues %©@ min » 
fil» liftd & t«isS@iiey t@ I*I.©B i» tia.® mXmtW'm "bmem ©f, 
tfe# aier®seop#* If tit© e©l.l©aio» mm too thiek it ob®©ar«d 
til# «ig®» of 111# film &b€ si.»aow», Bf msiiig &b ttiiek' a 
e^iloiioa fila a« m€ smtej#etiiig it^ t® a l.©w io-
ttasity fesaa Iti th® ©f 'ttie fila was 
k®pt at « *li#a tli® eelloaioa was toy, tins eoilodlou, 
a@t-al film »Hi sbrndsw *#r# floatea off m th® surfa©® ef 
iiitilltiS. wat«r 'by iiiti»©€ttelng ©a# ®»d of tfa® .slid# slowlf 
int© It w&s fowM tti&t this a«tk€>i @f stMpping 
thM film iwom g%ms wat smeet-ssfiil »itli©iit fail if a 
toop.of ©eteil was flae«t tli« ©f 'feasMtt ft»©a 
Kfeiefe tli© Sikafi« gdli ©i» «ti&t®ir'-esistliig gold was ©vapofatM* 
ttls oil was to th# 'fftporisatiOB t«ip#ratia?« feefop# 
til# metal ©vaporftt#^# ftiit ssall aia©«mt of oil ©©ntmrnlnm-
tloa 0¥id®iitly tfe# feiniing of th.® a®tal filis to tfee 
gl&si. 
After tli® trmmtm of th.® s«apl# t© th® watftf surfae®, 
tli« mlo3p©.»6©p« obJ®oti-»# »®3»««ns w@i»® 'iropped oo tb.« slmd-
ow#i amwp^  ifci® w&i d©»® stmm tto® $e»teli. ws.i 
visibl#. A aieireseep® slid# w«s €TOfp«d'm top of tfe# 
sewens and tli® ifc.©!# piek#d up tli# atirfac# of tli© wat®i» 
OB th® «11<I«# 4 s©lttti#tt e#iit&iiiiiig |>olf«tfT®ii« litt®x 
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lot #3SS4J^ obtained froa th,© Bew Cheaieal Oo,, was 
%h.m m th.® ssmple %©• ,furai»to. eallferation 
©!•• m m@mmTlng ib^ii tli® eaaples feai drlei 
S T I F F T H E F  W ® I « #  F O ' J *  T L I E  © L E E T Y O A  A L C P O S E E P E .  
Am Mm G, A# ffp# mv. lieetren liercacop# wat wea t© 
@tja«3rr'# mn& pbotegimpii tiit a&m-plss. flil® scop# bas «. 
lug pmm of &hmt 50 A • U» S.# fketogrftflis taken ©h 
M&tmm E&&BM a®dim e©iifc»st li©t«i»ia iltdes* lliss# slia®s 
b.a¥# a ©f 70 lin«fs/i*» fkl» »««»« thmt ft mag-
alfie&tleii ©f at 4f6© diit*#t«jp.f wiil ree-oM SO-A* U» 
m tbe ptiotegmpbi© eawlsloia. Sin®® thm ^©aelfiag 
powei* ©f th.# sj# it O^l a fwtli#F ©nlapgiatnt of at 
l««tst t®» tia#s. 1» naetsiarj so tiiftt tlie ^Q»A« H. 3?©solu* 
tloB of til# s©0pt eau h® wtl2.lE«4i, ®il» #BlaFg«a#nt ©an. b# 
ae«oi^ lish«t mltheT pUQt^ gT&phlmllf, ov hj Imrm&ing th.® 
«itgfilfleati©a tb® mlovmmp®*, If it is don® photograph-
Imlljp, f^wf emmtul i®v®le:pii«»t ©f th# film it nmmn&rj to 
m&um tilt g»tii »im of tli« sllwmr* If it is doa# fej in-
mmming tb« aagnifieatieis of tb,® aiei'oteof®, tk# i.«©r®as« 
of latimsltf inert*®## tlie iifflemltf of fmmlMg sni ia-
©F«&s#.s tb,# m^mw^e t'lm® &o that iastmtollltiei of th® else-
trlsal eipemlt reSne# tbe ptliabllity of rasolutloB^ In tb.i« 
©• Se©tt, J. Am* nijs* m, 417 fl949), 
!• S©i»©ald| J# App. PfafS. 21, laS {19Sa). 
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w©a?lc a li&gnifi.datloii ©f abeut SiOO atam®t®r# ma ustd for 
P^OT©FI"I#LIIAG, PII®TOGI«.PLI» w&m THROW^ &» 
©ptle&l, systia wltli m aagaifieatioa of 15 fhii 
gave an 6v#r-m3.1 aagnlfia&tloii of a^out lg0,OOO.<i,l&a®t®rs» 
fb# alMts w#i*« ^®¥#lop#i. f©f S alutjtts, at 
68%^ IN P»LL, 4«T«L©F@R. HIL# IS A HL#I EOATMSF 
^ieli toef#&«ed the &m& ot makl-ng sttfeaequeat 
a«a«tiy«a®,at8» Siwples of tli« phot^gyaplis wmulting from the 
mh&m pFmMum *» Bhmn la flgw#i f te 14 
fto.as® W9m pi^iatea t© ®&k«^ thm sb&doits app«aF 
iarte en a li#i% 'Melgremfi# Si# «gn.lfl©«.tl©ii of tb®»® 
FIAOTOGMPLI® I® ATJOTTT G-I^GOO » 
l#»gt& of th© 8b.it4©w® aBd m® 4isa®t«i? ©f 
w#r# ai«m»«r#i. ©a an lin®«r e^ci^&wtor, fli© 
tbieto#»» t of til# flte® la iiigstr®» nalta was 
froa tb# fomiiia, 
t _ shadow langth x mt A x tSfO A* U». (21 
~ APHWE &AS#LW 
ute#!*# 4 i» la® angj.# ®f i»eM®®e® of tli« sbafiow-eastliag 
aiitajMali ffr® figmf®, 2SS0 A# U,, i» gi^#ii m tfe© • dlajaat®!* 
of tfe.® lat« Bptimm fcak®B from m&mummmntM 
•iia4« hj Bmeml aiff^ipent lav»»tlgatoi*fdl«a®t®i*s 
©f tb.© sph&rmB do net vai'j' toy a©F« tk&m 25 A. U# 
25 
Pig, 7 Electron microphotograph of a gold-shadowed film 
30 A. U. thick. The i?atio of the shadow length to the film 
thickness is 6 to 1, The white spheres are polystyrene 
latex used for calihration. 
26 
Pig. 8 Electron mlcrophotograph of a gold-shadowed film 
60 A, U. thick. The ratio of the shadow length to the film 
thickness is 21 to 4. 
27 
Pig, 9 E'lectron microphotograph of a gold-shadowed film 
65 A, U. thick. The ratio of the shadow length to the film 
thickness is 27 to 5, 
28 
Pig. 10 Electron microphctograpli of a gold-shadowed film 
72 A, U. thick. The ratio of the shadow length to the film 
thickness is 27 to 5. 
29 
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Pig. 11 Electron microphotogr^h of a gold-sliaa.owed film 
94 A. U. thick. The ratio of the shadow length to the film 
thickness is 26 to 5. 
30 
Pig. 12 Electron microphotograph of a gold-shadowed film 
240 A. U. thick. The ratio of the shadow length to the 
film thickness is 27 to 5. ^he polystyrene latex spheres 
were shadowed, but the temiini of the shadows are not 
easily located. 
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Pig. 15 Electron microphotograph of a gold-shadowed film 
250 A, U. thick. The ratio of the shadow length to the 
film thickness is 5 to 1. 
32 
Pig. 14 Electron microphotograph of a gold-shadowed film 
780 A, u. thick. The ratio of the shadow length to the 
film thickness is 27 to 5. 
SS 
e, flgwjp® 4, was u0®a to mmk® tk# 
®i.« a®t«l 8t»p wa® fom®# ia aost ©a.s®# as 
fFSflomlj, hut ia aMltios, a ittf mfi fo»»t "bf 
fdaovlng somt of tb,® attftl %j wiping it off witb a soft 
point sneli a« as ©raag® ttiek, »i®is » st#@l point 
wfti tli® glass feas« »s se-rateli®^ stiffto gi-^# 
»B '«in€»a3.©ti8 ltiiekB#ss a«a@tix»«!t#Bt # 
An ©|>«tii» rtfleeting si»f6©© of sllirei' was i®p©»it«d 
mev tht tiittf® fae® of tfet tt« #¥apoi»®.tloii wm 4ott# 
&t ImB feaii t X 10""® ©m ef mermrj mA i«pesit®fi ira a few 
a#eoMs in t© prMmm & surfaee of lil^ »tjfl«etivitf v 
mn& l©w ikl)soi»pti0a#. Si® wetlmtimg 9WPtmm Be, 
f igur® 1, ms In tii® game a«iaer# 'fli© transaission 
was rnmuumS. awring A«positioa by a phot^tuh® aini 
9Qm*m p3.ae®i witfeis thm faemwa ^a,fOJ*atio» ma 
e^ntiimeS mtll a tr»iisai»»i©n ©f stoomt § w».» mt-
Ihe ©ptttal aiT&Bgftatnt mmm. disgraaatieftllf ia figw® 
IS was iaf.«a tm th# intmrtm'mmtm* m w«ll as muefe 
of th© work in tlais seetloa^ mm th« 
S was til© 11^t s©tii*0«« Jk #a«ll 
Multiple-Batg. (QxtoT^ 
?AI¥#I*#LTY PLO»^OII,'"LS¥I|R 
A 
P 
S 
* 
Pig. 15 Optical arrang®aent of the multiple-beam Interferometer, 
bol# is serteti P fmralili«e a pelut murm mt tb,« fooal psiiit 
©f X®»® pa?©#iit#& ft e©l.HMtttta bsait ©f light iteinii 
WAS PASSED TLIROTI#. TLA® AON«TE«&TIE FILTER# SI-E PAMLL#! 
ao»oela3P»ittl© 3P«..f# w«» ir#fl«©t®t tmm m '6,alf-silv®r«fi iiljwor 
,1 ©nt© tli# lttt«Ffer®i:i0® pl«t#» Q m& D» Si# loealis®d 
frlugm toy fli® of tb>® Int^rt&rmm pl&fc®8 
w®m ol>st.irv#d by fosttsiag l«ii» X.g ob thu iiit«ff&e#g, Lg •!»&§ 
th» ofeJ©eti¥# l<t»s ©f a low fow® '^ «l©r©#e©p## 
Tk» m#«# i» sbown pbotogrmpli-
ieallf In ftguw®. 16# ffe® somr@# S wm m 
-rapiir was an f6»S &mem %m» - ©p@»ted at full 
B-mmm, f was m sli.«et of ®t«®l plate 
«lth « 1.3^ kole drinad In th. aWdle. and P were 
lii an ©Minary vi«r eaa«3m with P f»«pl&8log tk» TOmov-
able hmU &t Wm taatm# f vm & littiltl filter rtiiek ©on-
aist®i. of a e,«r«tt® fill«S *ltli s ©olwtiw, 1 ^ ©mal le 
lacig., 0,«.©2§ B#mRl Im. KgGrgO^ «iiA ©xetss iei,» ®iis aelec-
i. 
tiv®lf t»a»»itt#t tli#":S#41 A» ¥• lln# ©f m&murj with atoottt 
OB® ^alf tfe.« att^iMiatlon ©f tli» twttt#!). filters tri®6» C aM 
0 wm9 tla#"#«afl® and tb© .first pl&t® ihown in 
!• In o:rd©y to ©.ajust tli« fringe pattern, it wa.» »®©-
t«> pla©» a satall «pme«3r ia tli® f©m of a l-ail wir® 
b#tw«®i3 til.© plat#« S aM D and apply a &t th# f otn' 
mwmm* f&l# was den® fej* ».©®ass of tk# t«vl©« feowa la 
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•Recording Camera 
(—Converted Microscope 
Splitting Mirror 
Liquid Filter 
View Camera 
Li^t Source 
Pig. 16 Arrangement of multiple-beam interferometer 
m 
figttP0 W* fhi& eftrriag# w&® pl&m4 on a ao^abl® aleyeseope 
stag# as' Bhomi in flguF# 1S« to oMinarf ll#it a.iei»0®«op® 
WIS m&A to otosewe tb,® fi»liig#s» Bf rmovimg one tleaeat of 
til® low pm%r ©toj®6tiv» less, th^ imml l©i i tb wa» diangM 
fwm 1© ma 02 BIIS TTI,© LIALF»SLLV©R#FI IIIP?OR 
sbowii la ftgnm 17 to to® sss.@»tol®€ in pla#« ii3t®r« 
f0W0nG9 pl&tm m& th9 &h^mtiwm leus aa ahmn la flgtirs 18» 
fia« friBg® pfttteMs w«i^ rteora#4 S§ as M&tmu lino- .. 
gmwhf ortlioefercayatie fila» iti® llgat lufci^iialty ma swffl-
tii#i so tbmt an «sp©»«i»# of on# aitimt# gave verf 
good- fietttreSf fb® film was a#¥«lof#d fm in 
lastmas D-11 fi«¥#lop@a?« ibis pfodneet' go.o«i eonti»a»t aod 
i»©j?ea.s©a tb.® mmm of aeasnfmeiit. ' Saaiplts of tb# plioto-
GY&PHS EBTAL»®A MM STI©WB 1» FIGNFEA 10 AND 20, 
fb© fring© A.ift X smt th® tepmyatioia 6., flgtir# 
g, wdF« aeastirsfi on an ©ftleal linear' ooap&.»t©i»« fbe film 
tiilektt®ss was t? en 6&leiilat#a froa ttrntion CD*. 
laaioa-etiv® fp&ow DttemiaatioB ©f flilckness 
til® wsl^lng of a sa*ll «a©iaat of aetftl deposited as a 
flla m.M &lM,imted hj iatrodiielng a mtioactli'# traoar into 
the aaapl®. By weighto.g a tiiiek deposit, wliicb, eoiald. b#. 
w®i^ei aeewatslf, tli# weiglits ©f tti® tfeiB smmplm w#r« 
a®t®a?ia.iH®€ tof « air#«t mmpmrimm of'tbe ©©mating mtes, In 
to do tills ths followln.g preoaatlons w«r® ii«e«ssai*yj 
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First Element of 
Objective Lens 
Splitting Mirror 
in Place 
Carriage for 
Interference Plates 
Pig. 17 Microscope-to-interferometer conversion parts. 
Splitting Mirror Assembled 
Interference Plates 
Carriage in Place 
Pig. 18 Conversion parts assembled. The microscope 
stage can be rotated as well as translated. 
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JF 
4-viA produced 
19 friS^ri! ^,rricu!'"'Ve®fringe-spacing cor-
40 
Pig. 20 Interference fringes showing the shift produced 
by a metal film 53 A. U. thick. The fringe spacing cor­
responds to 5641 A. U. 
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CD Th& &mm at all saaples wtr® coastant, ittolmdlug tfe,® / 
»feF©BC# fi8®pl#| CS| tli0 Si®# g#ia«fci»y of mmting wmM 
mmimt»iM0S ttmouglmuti (S) the sm@ ieteetloii a®¥i©« w&t 
tts#d ttirottgfeomti and (4) mj aia©iial©iig on e©tt»ttiig 
W9m ©r eorrtofc#i If fb.#f -mm & ,f«ii©tlon of • 
TB® TLILEKIIESB. 
'fh% eoaistaat mmmM we^e juaintaimei, tfee iaetlic>i. d@-
sefibefi p.y0¥lomsly* Ife© mtemm® iaatpl® «as a h&mwilj 
i©posite€ f ila of tti® s«e tfp# as. the ofiitip ®®ai-
•mred,# fe® of laetal mm by 
TEDFO.R# AND A«90SLTIOA# ASSMIUG 
a fenlfe ^:®aii'fcj f©i» tti« fila, th'© .tbickuess of tii® laapl© 
•m® mmuTS'M.te to +10 A# 1, Wits sppTOXfaatelf tlie ae-
©tiMej mttftintd ibf tli« ©tb.#3?- 1^# total mass 
mm&ummemt wa» t© a t±ii©Ica«»s seasBy«erit at 
tb.® step Bl, figmr© 6# fhls mt aoocapltsliM tjy a«smteg 
an lw«i»s© sqnmm aistjfifeufciea foi? •wmpomtion ©f 
fi*<ii iia# 8om»s, thm «.pplylsg tlis foamla Mitlvrnd in th@ 
foliowing pamgmpb.. 
Sia majs f®f mBit ar«it p of tts.@ f lla deposited on tla©, 
areat €yix,, figw® il, at »..distaDee 1 f»m th® soure© Is 
W = 1' co®(j>, {5) 
1^ 
'rtiep# "k is a- of ©ifeporiloaalitj, ®i.« eo«in® of 
tk# angl© 4 ©spi'esaoa &•& 
42 
A E M F B 
Pig. 21 Geometry of evaporating metal frcan a point 
source to a rectangular plane. 
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EOS <T) = T = I (§) 
but . 
. F®. 15) 
fliertfor®., tlis mass p®# tiait afe* of atfcal m th® &m& aMj 
is gi^«ii hj 
J> = K 
.3/2, 
+ m ' * <6^ 
fli# totftl mats 1 t»p©»lt«d m%T ap«a i»e is 
^"B /] 
'^o ^o 
u = m^= 2 I 1 ^m-s M (7) 
Y®+ A®)®/®' 
#!©» A is t'a© &jp«a, a is tii© Sistane# tli# e®Bt©i' of 
th® slid# to tis.© ifdg« BO fe %B %hm matmm from th» 
etnt'Sr to tb® «i.g« 0©-« ®f •'Inttgratlug dqaatleii (?), f^l-
lowlRg «3ify®«».ieii fop total ass# is ©btalii@<3F 
1 = 1; TAN-I 
f liaCl^TIFriA • 
K eoataiss all tii© sm«2»i©al mn&. .pFop^rtloaAlity 0©isstaat8» 
If m® ffi&as M a»p©i4%#i, on tti® w#« ilB0 ts known, tli« mass 
% a«p©#ltta. OB til® »«* *W1 mn "be .ealeiala.t#i froa tfe# fol­
lowing ratioJ 
1^^ 1 
% = I -4__— (9) 
€CII^+ TO^-+ P)5 
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m-i i« th# distase# from th® ©tnter of slid© to tb© 
lia® FI and bj^ is tlit iistftna® ffon tfe® e#iit©jp to tb® 
CB» f&# mm MMWB wma ^ossa s®«ll s© tbat the varia­
tion 0f tbi&kmsa tmm. tb# »%# WE. to tli® e®at®fr Ml was leas 
tla&» tb.® a©0u»©f of 10 A.» U, ffels wltli 
tfe.® diataa©# i fTO* tli« sew©#. 
eoBStftiit wma aalntalned ais^ing all tli@ eotwat-
iag, l»y fixisg tfe« 0@ig«r tmfe# la po»lti©» attS. plaeing all 
smplm at a fix«& fositioa ©n % A®lf b#l'®w the tmb®. fh.® 
©omting »yst«i eoiislat»4 of a •iadlatlon CoTrnt#? ,I««tte©i»at©ry 
0«M tube, loi«l III, l«i?k 1, workiag into a stAsflart s©al®i» 
an# a@eli«»i0^ Bf wlttg tli« Bme &«iger tmfe® 
tfeKJu^oiitj any lrwgtilai*itle»s«©b a»- tab® «fft©ien©y, 
«t®#, wsp© ©Itaiaatitd# 
fli« afeasyptlQii of feaek--«eatt8P#5 rii-diatloa by th.« 
aiiiBfl# asi. s®lf-«bs©i*pti©ii. of rmilatioii &ylgii*tiag 
til® 8Wfa©« of tb# saapl® frMme# a mmn<&&rf ®ff©et mpon 
tht »t«* This Bltmws tli® liu©#? relafclOBSlilp 
to«twd«ii tlil©iEa#Sfi eotiiitiag i»ate» fliis eiimt i# la-
p.oFtmiit in the ease of low m®Tgj fe#ta ©mlssioii wh&m feh« 
absorption eo«fjfiel«nt is iilgh, btit fo^ !ii^ ensFgy to®t& 
aafi peii#t»ting gaaaa *ilatioB it am to® fi®fl®ett.i« 
tb# «aissioii ef «t 0»S60 Mw 
totta or fey a. l>®t» ©f l##s mergf follow#a by lew @n«P:gy 
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B&m-glm &n& 2Q0 mg Of natmj*! g©M' «em SismlveS la 
S ®1 ©f diliat# •a^ua/F®gia, %is was to nmr Ary-
R©as to tlw QQucmntrntim'of ultrlc &Gi&* lor® Hei 
wma aided ftiw3, th.® soimtleii agaim a®ai» fifyaetf# 
Biottgli w*t«f w»0 a.MM to glv« abetit 10 ml ©f #©iutlOB* 
•f0 this wm AM&d & -soltttlon ©f 
.EHLOFIAE »A A FLI« GOL^ ©MT 
upon heating.# Tfet 'Sdlutloo w&a mntriiug&S. mnS. th® pweip-
itat« t3:*aasf«i»'i»»d to a ©yiaciljl#* g©li m» 
io e FmtMr , 8p0iig#-llk« fom# la ©M®r to !•©€•«©« 
tli© btilk, it was to tli,® aeltiag point at itoleh t»»-
p®Mtwr# it foised « of Katal, fliis was tli«a 
oi»6t©i 'lu tbi taciana etwtettli®!' to ppoitte® ®&afl®s Qt tli« 
typ© thowa 111 figur® $m 
ISi® tiain amplm w%m eo«nt#€ first "befor® tfe®!" &9e&f&& 
to a si^w »te» Sine# tii$ .s«apl#s 
eo'tmtti eonseetatlVQlj, th&m wii® a tia® hm%wm®n 
tlif eotmtiiig ©# staples, Bmmam of tb# itoert 'half-lif#, 
it w&B n#e®a«ai!»y to ©©»«et all ©©mtiiag i»st®3 bmck to tti# 
ti«® of cotmtlog ©f the flmt Aftey tb® ssaplo® 
w«i?« cotiiafcad, thMf w«a£*« p3pep»r«d for i»t«x'f#r®»«ti»i© 
aeaitti»«®nta in tb,® •msmal msmtim* -fli® w#i»« allcswefi 
t@ stanS f®3E» atoottt M&lf•It"?## t© allow th« &etlirity 
to i«ei*«as© miitil tli#y ©omli b® ®af«3.y liAadl.®# with©Tit slii#li!l-
ing In tli0 -aeaf-a^iatets# 
m 
Rmwmn 
& e.<»pitx»lsoB was mai#' ©f tti.« tlile&iiesa atasw®-
aents of a«t»l. filas a#pe®it®d m glass sttbstjpat# 
toy #ir®f©.»fcloa in & A t&bwlatloa of tla#s# teta la 
shown to fatol#® I' tod II# I» mn «p®i»i!i®iit of tbl® typ®, 
th# tlm# ®l«ii!nt i5i?0hil»it8 ttie prodmotlon of «»o«^ saapl®s 
td glv® statliticml mmlts$ th# d&t& wtr-® tai£«ii 
fr&m the mrj best pi©teres pfotoetd#. 
fli® ^i©iBi#»8 mmmiemmtM bf tlit shaAow-eiistlBg m«ttiod 
wmp3?mmt & ©f t»» to ttoiekness m@a»«i»«a.®nta 
along tai® l«ngtli of mnj om® iearf tlxown in flgwr^s 7 t© 
li inelusiT®. Cw® m&d tak®m t© elioos® that p&.iPt of tli® 
'Stolefe tii« trtt# tlil6k»is of tb® m@tal an^ 
not to lrr#gttl&Fitj smeh a» a foia# Ba# variation of th» 
s@6#wi'««iit8 alo»g tli@ Itagtfe ©f tfc® s#arp wa# always l#s# 
TLIFTO 10 A« 
fM.« tlii©k»@ss bf tla« Inttrftroafttrlc aetli.-
od a ®«ftn of Iti® tiilelia«ts ai«itaiii?»#at® f©iir 
or flv© fringe sfalfts along tfe# st©p« Oar® was taken to 
ehoos® thos© fringm wliieli mvm «nlfoi«, tt3?aigiit and aor-
mml to the »t«|}» Again tli® la:rg@,st vmriation In ia®®.sui»®-
aents ©n a given simpl# ms l®ts than 10 A• U» 
48 
la ©bt&lning data fef e©mtiag, a uxs£-
amfeti* ©f 'mumtm w&m tsMm tor aach saapl© to glv® 
a proMbl® «fpe^ ©f less ©»« -p&mmnt, %» stanimri 
s.»p3.e fi»oa *il#b tli« of tk« thittnsr samples w®r® 
hj ewpaylsoa @f tl#tiit®g»ti©B rates w«.s 
fte©-tt»t©ly to ± 0#5 fkm th.lQtuma aeasuresdnt® toj 
this M#fcfa.0a. w®r# rtppsimiiibl® to wlQiia § U# 
A eaapariaoa was tken «ad@ fe#tir«#s tke a#asiii»«a«at of 
tliietotas 0btiLl,a®d with, tot®]pf«raiet«' && «a<& film and: tiit' 
aMtswrOTdot ©f tlileka«i» ©btAlnea toy tfe^ sfenfiow-eastljag 
applia^ t© ®®ela mmpmmim filii# III# results of this 
©EMFUFIS&A APPEAR Im FMM-T. !• 
mfel# I, 0«p«yis#ii of thl&Unma mmsurmmts 
hf ahmd^w-^aitlag &ni »0tfe©Aa» 
iiispis 
mmb#!* 
fej 
ShaSbw-eastlng 
U^jfiPiipsiae#' 
(S.e* - list.) 
I SO IIV is 4. 2 !• U. 
2 48 4g 6 
3 46 4 
4 -SI 4$ S 
5 m m 4 
6 62 m 6 • 
7 iS . 60' 3 
8 SO ' • 7S 7 
9 82 73 4 
10 ' lOS as BO 
11 107 87 20 
12 Wb 98 17 
13 22g 180 42 
14 2S§ • 242 4S 
is­ %m 250 36 
le • S44 450 94 
1? 6S? §©Q m 
18 im 07§ 10§ 
4f 
k •eurwm -of tii« .fptasnted Is fa¥l« I is plotted 
•i» ttgwtm ii* I® wa.» aaA« te fit ©ttrf® to 
pQlnts, tout a lla« wa® team to shew tli© 
g^neml t;r®Qt of th.& eurf#» lea# ©f t.li« p©l».tf Hi® ©ff 'ttiis 
llm« 'ffl^ ye thAm 10 4» f» %# lie# i»dle&t9# 
A »tlQ ©f tli« t43.1®to#®s«» hy Ida.® two 
A i®#©!!# e®mfai»l®oa w«a oafl® litWeS'H th« a@&ssp®ai«iat 
df tlilisikaiiss ©btatij«a wltfe tke' iot«rf«aa@t«F on «m®ii film 
»»d til,® m«samr«i«jit ©f tlileto®#i oUtftliiti, hj the tmom 
mmthoA applieii't© tlje amm» filis« tfee results of this ©'O®-
fajfitam apo®si* l» fsbl® II* 
tail# II. eoapitrlsoii @f tfe.lcta®s« 
ti»Re«3? ani: lntepf'©roift#ti»le, mtliois# 
nmto®r SiSoactiii® imi@r CK.f, - tot,) 
1 4$ A» -U* •Si k* 'f. - S 4. U. 
2 53 m - 4 
S 85 98 -li 
4 114 1S6 "IS 
i 152 166 -15 
6 1S2 161 
f 1S4 171 • 8 
8 201 212 •11 
9' • 209 225 •17 
10 540 321 19 
11 SE? 555 3.2 
12 410 575 SI 
13 430 390 40 
14 462 423 m • • 
1§ 617 565 .§2 
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THICKNESS BY INTERFEROMETER ( A . U . )  
Pig, 22 Comparison of thickness measur^ients obtained 
by shadow-casting and interferometrie methods of meas­
uring thin-film thicknesses. 
SI 
A in II la plot-
tut la figmF® 2S» Agaie th« geii®m3. tr«».6 of eiarf# is 
hf m lln# ^rnn to^ iaeli^d a©st of pelnts# 
Sine# m peiats ftll ©l.os# fee tb# p#lii,t of tb# 
tw© ©iiw«i is flgttF# ES, that f©i»tt©a ef tls« was 
•dott«a t© iofileat® a •potsl'bit methet of eoantetlng thm tapp#? 
«ii4 ©f tbt TOrs't. 
line® tfe® jiiiAi#ii*©ft#tiiig mpf®w#il tts glv« m 
tmmmlQm t&lete©is asasuiftetnfca, tM# ©tli©i» two a«tk©€a 
•i,ii'«#tl.f #oiitf».3Pefi witife it. f# aitk# th.i» e«f©sit« TOspai*-
. tfe# ^mrwm- sliQiiB in tlgmrm B4 w^m fi?©a 
tigmm St ami S5, 
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Fig. 23 Oomparison of thickness measurements obtained 
by radioactive tracer and interferometric methods of 
measuring thin-film thicknesses. 
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tfeietoi®®# , it sbows tliat tw© fllffpent q,waiitlti®s 
ftp® being .a#asia3P«t, ©a« ©f I# t© tk# 
In an, attiaft to »ee©«iifc tm this pi»-©poi»ti©aal 
%nm i» ®«iiSTaf'<w@ii'ti ©Mai»«S hy tli# twQ ia«tlioiaS|, tlifi fQliow* 
iBg *«re %a iiieefrest vmlm for th® dl®ia®t©f» ©f 
tfe# «pt4tf«s uitt tm ©«tlib»ti©ja, ©xfansion 
0f til# ee1tl©Ai©». films » wfaleto, tli# liaaAws w^m otos«Fir®a, 
faf&llax imrlmg f©mat ion ^ asenfmei' la a@a«wiPlng tli© 
angis of »tiad0W eaatlag, tfe# tottiM-iip of »bai©w*ea»ti»g 
iidtal fomlfig th# tei » ^paekiug ia^ «ff©et of tfe.« 
©©atiiig m®«4 i» tli« iiit«rf«y(*@t;rie 
mtnta# In tti© foilowlsg #aeli of is eon-
SIDTFTI: TTPWATTLJ* 
fbe vapieu® a«tli©a® of a«aittfi»g tli© 4ima#t®r of th® 
lat®* giv® m aa*iam imlmtim of ^ g§ 
A# W. fb.1# Is mpfr©xi«iat«ly * on# iraylatioa @f th# 
25®0-A» ¥. DISMST®*' AN# ©OTIIA A AIFF#R@AE® in mm»» 
ummmt of q»® -ptredtit of tb« flto tli.i©ko®ss* For «;e«SP1«, 
if tb# ,g59a-Jfc.. U. w®f© is km ¥• tQ'© larg®, tli« 
ttiieim#»8 of ««eli slia4©w-«east film wouM to# la-
©i»®fts®a bf 'OiJlf OS® pmmmt* Thmmtevm, this mmn&t aceomt 
foi* 15 %•© BQ iiff®fen0# ia tliiekn««» 
iBticmtea ia tigum B2* 
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FC© FEH» IFCTITACJIF length, IT WOMLD PI*OTEET AN 
«»©!» mntm&Mtorf t@ tfe.« reaaltg .otot#.in®.i«, 
Whm. a attal l« ea»t ov©p ifet s^arp of a metal f 11», 
it i® eonetlfftfel# that tti® toiiild a|> ©f tfct ©hftaowlRg aetftl 
©FT, TLI# AI#|MI F0F»IIIG TIL© IESRP WOULA PFEAVIE# • ».€TA«WLI®.T 
longm fteaow th&a ttie fila !?#» if tbii. iB net t^e 
eas.0, thtr# 1® ft po*sllJiIitf mat a gra-immtlo® #f tfe# 
'tooi3ttfiai*f is ,pp.©aa©et« fills mmj oam»« t;li« ot>»«i?f©r %.® psy-
0li®l©gl««liy flfte# til® toetmaarf too f«f f.3r€ffl. tla« fll» «4g®,* 
In ©Ither ©at®, tli# ir!.©f®«s« ©f shai#w Imgth ftli'O-ttIt fe# 
mmtmt f©f a31 film tfeiete«:sses aiBe® til# saat tliielto«st 
«5f goM was, «»®t on m&h 9mplm» I© aueb eoKist&nt 
due# th# ««•©» of a««®ap«i«nfc «x;ist®a» tlil# is 
©vii«-ii0#a ^bj til# afegtaea. ©f a a«aaitt3»b3.# .liit#r©®pt cti tli« 
solid eiiw# in figum E2» 
fb'Cmso.a^® fomnd tbftt whm a#t*ls ar» 4®f€>sit«^ 011 
m«tals &mm is a str )^st #f tli® 4tp©0it®d a@tml to 
follow til# lattie# ttriaet^® ©f aetal if tto.® 
e.ri^ital ttruetrnF# is n©t to® fi#p©«lt«d a®tal 
fit# ioto til# fmim&im ®f tli© sab®fci»at«, ©Festal 
rmWim tliftE fom Its ewa erystiis on tli® top ;of tli« 
atrat#. ftoia Im&m to m. "packlng-la" effect of 1ti« ©^aqu# 
P, fh-mtsm., ' Wtoq» Plijs» See# §t, 402 (1948), 
IS 
rftfltetliig Imj&p of silver dtp©®it«a tb,® golS flla» 
4*®.*^® fomd this &ftmt pmamt Is tli# cm® of silvtr 
©B l« also fsmA ®ff#©ib t© lae3?#iit« 
witti m ine3»a»# sab.st3?&t« thieteMs, 'fhl® may b® 
thd mu.m for th.# otoi©rt«d. aiff-tF©fie« iti tli,® at»smr«a«nti 
fey the slimao*-©asttii.g ani In«*««»«trie aistliod®* If tbis 
©ffeot i® ifc stiomlt r^aeii «. at tijeli tlilek-
Besses that tli# film takes #a femlk aspects and sbotiia m-
as la mmt&Bt f©r g?#st«i» tfeiete«»«s»« It may als© pos* 
aihl& t& ellslnat® #i? st l#«.st m4am' this tffeet by m&p* 
o»tlag a l.aj«2P of #<a« *at«Fiaii amh &•# iilieft, ^liek li«a 
& ilffermt ery&tml strm&tmm, ^m-r ti*« #Rtlj?© aurfac® @f 
th& smpl9 AftfO'Siting I4i« mtlmtiisg layer of iilif«F» 
fhla ;w©ttli ii@t aff##t tli« tlilel£B#»s jat&amriatrits m4 muM. 
3x'ewmt intlaat® mntrnt of lik# erfsta-l Ftir-
wpeyiadiitf ia ttiis iSlrtetloa slicrolt glv« ioa# iat#?-' 
©sting wTOlts t# •©omflrat ©f nttlllfy tfe# fi»©p#sal of & 
*p«©lciBg la® 
A e*papl«oii 0f tfe® ntiiQaetl"?® trmcm aethofi. with tli.s 
«feaioi»«6»#tiiig m«tl5.©i,, ^mp. in figt»# B4, sliow® a uom-
l in i fom v-a i? ia t io i i  fo r  tb ie to f t#s«s l«»s t l i sc  «^Qut  SSO A,  ¥ .  
variation a&y b« -dtt® t© a VArlatloo in th© dmaitj of 
th# a«tal ia th© f&ia of m mim film. In ©rdai? t& ©btain 
th® tliietetss fFoa tli# Hiieli nm# a©t«i«lBed hj e-Qapar-
ing it wm mmwsBAry t© *s»m« a 
St 
^[©lasity iav th@ attal, ife# Imlk of th& 
ms. uaM f©r all flM tiiickatas# tfeis w&s 
too larg® thPOM^otit tfe# tliiekfi#is ip*iig« aessarM, l©w®irf2», 
if the d'iftemnm wmm m& tue only to variation, 
tlie Ahme SSO A# 1» ifeonli. approael. ttit one-to-on® 
E«RR® &AFA|>TOTLEA.LLF« 2% SFEOWS A SLL^T -FILIRERGTRIE^® 
of th# two emrr«i» I® geofi exflmnatleii w«« fottad for this 
lneo»slst«ii®f, ft# f#if»a.'b#orptt©a^ of tbe dalttlsg siwpl® 
wouli intm&m® m mrm- im tli,# p^©p#i» ilreetion to incmmm 
the slo#e sf fcrs©©.!* ewr®. H©W®¥®I», tfe,® low ©ntfgf to®t& 
/ 
raaiatlon ws tli.« ©©matei*- so tiant sdJjC-aljsoyf-
tiea ia tli® F&ug® of thictnmm a«&sur©€ lutpodM.ei a B«g-
llgtlsl# «»03?» 
Di®e©«Btiug tbe va.i'imtions J'att tlsciasssfi, ««« fmetors 
wfeieto a&f tts®a to mftk# a g«at»l tvaiwtlon of ©aeli of 
t t i® '  ae thods f tyd f  
1» f]h.« «limi.ow-ea«tiiig pffs'y^iads an 
miefOpli©t0gF«.pli of t%e f ila» ^is laitf b« ©f -falm® 
tn Bm& 6M®s, 
2;» Tto.® aliai@w--i&sti&g ft»a int®pf«om®trie asttiods h&th 
ft »m0ti& depositlOB of a«tal, ^itileh In-* 
#r®»s«s tla« ©ir®»ll tla« ©f aeastaring# 
S* FH« iat#rf«3e#ii.e® twingm otot»ln.®d 1B tto.® 
aetlioA eaa b« tifestif fej a 
travellag aieroseep#, ttoi #3.Jmisatiiig ttms 
m 
i*#qiiS.2»®a tor ptotQgmphM rmoMlng B#©«tsa:Pf in • 
tb© sfeai0w©a,#timg a#tliot. 
4» fla« films a#aTOr«d tfa.® iliaaew-e*sting ow 
aettiot ©mu not fe© used foi» furttwr 
InvsitigatiQii tla^f «.FS Atstrsfei Xm tli« 
pF©:e®sa of tii® thl©kn«s». 
§• FFE® 3FAFII0AETIV« TRACER ATTFECSA FROTIITT A ©©BV#AI#IIT; 
a©th©i ef €®t«TBiiBiiig a v«i?y iisftll .sao'imt of a&tef-
iftl S@p©»it#d its a tlil» fila/witlifmt aetiemlous 
wti^leg of liftisf Per, tfcla fllat,, %bM 
18 mme TFEIM E©IIL6 
ton® toy *#l^tng th.% smm atapi®*- fr&©#^s 
#«mot ij® f©mi. f©r all stat«pi*l## , 
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m 
vtipf #a«Xl ©f i«fo«lt©fi attml tiams. slimlnatea 
1^11® til© mmm&f ©f wab mer tli&t 
#f 0f its.® Bm% 
Si« tfteh. f ila m its 
%f #im«,r ©f 'tM t«o ai®tli©a.i €##ei4fe#t m.b©?« wa# itiso a®fts-
mp#*S fcf til,# Tialftjftslcf «r#3ae®, If so teiiig, & 
©caparis,©n of tt-isp®# a«-tk©i,s ms i(.e'0Cffl»pllA®d.#. A& 
A ©F TLILF ,E«FAJ?IIOB, TFE.® FELL^WLNG EOAELASLOA#, «I»® 
TOAWIII, 
1, Is im tlils p&psp, ^s4©w-eattiiig 
©f :«)t»8wi»liig tb.% felil©lii«a»«« of -thto fllas i« 
a la tli# ttietoess range of ^0 to 
1000 4# 1», IJTIT MSTTS »CA» FMRSIW 4«V®L©,PI«NT QT 
tec-^nLQiats f@r this »ng«# 
G* FELFTBI-TEF A«TH.OD 
of memttti'iiig tb.® of tlilo. a#t*l fl'Jas 
»#ssmpet & p&fSleal qmtttitf J.5 to 
l#s..s tbaij tliftt a#asiii?«A fef t&« msttioi* 
fbis »©&««»# ftttotllsy is tli# ©ptieal tlfjfweae# 
to®tw«.da two reflect lag plmnm -liiiefe. «# not 
Arstt©S the ttilekaees of tli« film hmlng m«fi.swr©d. 
fb.© failur# ©f %k# ©faftts ^fleeting t&j@T of 
alX-wm t© fo l low ©•crap le t t ly  the  m®t« l  s tep eaa hm 
t© & '^ pmUing la" of sil¥®r OK 
til® film# fiilt iriei»fa,ses 
m 
tlil#kn®ss In ttie irang© ©f to 1000 
k* M» , 
5# fl3.®"W(Si#it of a®tal deoositta'*9- a tlilii" film mn 
: 6«t«»ila®d hf & i»aa:i«a©tiv« trfio^r a®tii©a.,, th.m 
®l,iatn&ti»g the w®i^lng of f^Tf snail 
fiaaatitieti, The a.ee'araej la sis© i«©F®as<ifi o¥«i* 
tliat of weigh.lug sf tli# .®iw« sampl## 
'fills Method ©r a«t8fatnlng tJiietetis fails to 
giv® «. tra.© tiililca«sa"a««.«mf«s«iit sine# it i» 
trnmBBS^rf to asswe » eonstiiiit S«a«it7 fsf tli# 
»®t&l in tilt fom mi m tlilm f ll»* If tfe# atasity 
of TLIIII ii«feal fitas -vers 1CB©»B, 'tbl® M©tli©a :pp®<-
¥M«S a vmrj A6em»t# aeSiftfi of tlilekn0«e dttewtiaa-
TL©«« 
64 
GItS> 
ARAN, P. A. ABB, ^HYS» Paris 1, 561, f 19481 
Air0i»y, O, 0. Ifttmr® 1S3,, 916 <1S49)» 
C»Mw«ll, W. G, J. Plija, 12,^ 7W ilMlU 
FRL&TEAA, H» SEI. LUST* .I?,, 99 |LI4E)», 
G#W€1?, L, I, Phys. Sw. |6,,. §8 (1949). 
0«0ULI., C, 1, J.'AFP.., PHYS. H,,, LOO (1^50). 
Qooa, P. 2elts» f. Physik, 100, 95 CltSil:, ' 
2®its, f , Phyplk. gOi iWmf^ 
Intematlooal Crltloal Tablta #f .Mtta#gieal g&M, Pliyaies., 
''''"^"''''"'''^ Slit'gy'^ n'C fSi©"'II ci'iaw-K 11T"BOO1 Go #7 
In©t, Eew foSc7'""i^S^# 
liiaatft?!,, A. and D^naliseu., W# K* I&tmre 1^, 228'{1947)* 
leSlllafi, S* and S. Phya* ROT* §2, g?S (1937). 
Oldfeftffl, M. S# :Ph«I). ttiesis, 15®paytiat»'t of Pteysles* 
I. S# G. (1949). 
01s®n, Saltfcj C, S* »n<3 Crittendtn, l* , ir* 
J-*. Pbf3» 425 (1945). 
Pleard, i#,S. aM |>iaffeatoaek, 0, S* J, Apu* ?kys# 14, 
291 C194S)» • ' 
Boad, J, !.• J» Opt. Soe. Aa, 8§4 (1949). 
Sclimafer, ¥» J"* Ffeys. HOT. 62, 495 (1942.)* 
Se&bopg, &• f., and P^rlraano, I* .!©¥• Mod* Phjs» 20', 585 
C1948)-. 
Scott, S# D* J* kpp* Phj»* gO^ 417 C1949'). 
««—,?hjs# 21| 72 (19§0}# 
Si 
! 
Stiiiiett, it, S. mnt'&eott, 5* ©• J# Opt, So©. A®. 40, 
205 C19503. • 
Stroog, im Prme&urm is Exgerlatantal Ph^rsiet CPpeiitic®--
Ii.ll, Incm, lew YoW,*'TSS377~~**~ 
rnmmm, Q» ?. PROE# f&YA, SOE, m, 40$ (1948). 
FOLAATKY, S* PHIL, L«G. 5&, L£0 C1M4). 
TOT, §2, 161 CLMS). 
(im$),.  
^ P T O e .  t o f »  S o e »  16i-.-'861 CW4'i)« 
ItiltIfil#*B®8im (Oxt&^ VmiW0T» 
isltf  Pmsd,: London, 
«• ?i»oe» Pteys, Soe. 6|, S76 {1949'), 
finilaas,. 1. g, »at Beetas, l,- e# J. App,' Fbys, 30,'98 
m 
®i« ftntbojp is to Df, p.. I, mtr 
uudm ^oi® giiMaae# tills w©rte was Sm% aad t© 
I»i?, Adolf F* f©igt ute^Qg# m^pmmttm 
TO OF -FT.# S»®4I©I&©TI'«'® 
l^ai* H# P®w#Xl wife bit 
tloas %Q th# eb.#aie&X tli# w»M» 
&©toowl.®<l^«B% t® al#©^ glvm to 
atef Qitotrs, tiieo«f%ti iuai eteterfwilj 
mtslitet, me amtliep. 
